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vnjm iMfH ,ino in iron* me> nxn >v nonon >>nopbN pun jnKno « nNson 

.o>oioi\y 7 run o'sn is 
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nNsonmwn .2 
ovd n*»n iin>ji 2.1 

Nboio mnN *p"iNn Nirw ,nmwi by ynwon -p™* jiwun ino nsiab 
. . ."*nn> nram tvitt >byn'o ibN onsio i>td .\yio>vyb 

bvy o>op)do >j\y ^ ©tmo oto nmnn vno>\yn Jiaip* oin ™n onsia ow> loua 
wn ^ m ' mnNn >3J ^ oa*n»n w»>\yb mnNn tinjih Nin 11 wnn : mian 
-ryio >byn»D ibN onsio -pro .ision b\y rai wn nn>Tia wno vno^ im jibaao 
-rv \y>o>vyb imo - o>»vy d>jip» o»py ma>o : ibND onjnob smonrr »i>iaD rman 
nrviiao vnin iy vn»>\yb una - o>n\y o>x>oa .towni nrvnaa vrnn 

.town-i nmnaa jnyu\y 6 iy «n»>vyb una - o>a>ioa o>;nt?a obob o>ncn rowm 
rnn?n .mnan >Ji»yn - nivnan yna by oonon - >wn rmann op»o 
,bvyab id .-isian <ipiji as nn ptn irnpjb ronpy ow ,t?anan -piNJib Toanu* 
vyio>\ya -pro tiwbo ,o»py jna>un nvyNi \yia>\y uiNb myia\y noa on 
jnyu\y 5 in (\y^\yb una) niymvy 3 my onh nwb ban Nb bba Trra \yan\yan 

\yia>\^ ,-pa ym ,in ,(mu) vpn 121a bvy nabwib on»w nnvyaN myo : nNsinn 

.'131 bpbipa in» ,napvi &v nann : vyi»>vyb uon nsiaa 



riNsann bvy >bba uioji 2.2 

nN» nm in by opiaan >opaaip anapbN ipnn u>n ibnb jvwwwon nNsann 
.nsiaa vyia>wi <ip-m mian by >oaicnN piNa y>uia ipnnn .nt>aaa bwab : nsian 

<lpm by ynnnb joia-ma iwn biaa rwan una *bya onsiab my von ntrw 1 

<1P1J1 by ynnnb jimdijio n\yN bias n^ian -ryio >byn on^iob myron non^ 2 
in ,nii\yNi nmnao ninn im pna <^bnvy in : o>oP3DDn >wn *rr»N bo npy nai3n 

.HPiNn by yaoion - >bbon miajin *t>inji <ibnvy 
.*r>n> nai£)Ji -ryio >bya oniiiob Jityrnn ntn>i .3 

yam byaion nNinn ^^a^ 1DD > 1Pn >„ v nNyinJ1 ^ c, y py^ny, 

- imon npan nmiifj ym yo\yi» nN-mn dn nxaibo .n^ion hcdo Jin'jw 
,Jiipt7am in y»\w ^i^n .liJion jin T>b\ynb vn y>jn n^iann iyiD\y yovyo 

by y>nimn )iin>N pn NbN ny-mN wax y»\y> Nb noDon juvjis y^oN^JTm Jioiyb 
10 >i>o an b>bs n>nnNbi ,nii<p in ,i*P an b>bi< bvy»b - c^nn n^ionvy *p 
.rwiann tinji y>in Nbi vyio^wb >ini vnv n^ionw nn nvjvy 
nvyn>> ,(n)pnnn nbbionvy *jd apy b\y»b) >ivn ow mn> Nb hpdoh nrvjia vra on 
,o>3a bo by .moan -ran by nrnb na jin^ .(n^aji oiji) ^pim m>n -ud i^ion\y wn 

.n^i»n »n iiwo bna nbbio »n r»Nb n^mn 

nNi{»nn bvy vnia» niN>n 2.3 

nojit - o>amn bvy ^bbD niN>n 2.3.1 

arion b\y n^nwaiipb mm>o Jiwvun \>h .o>ujNm naom ovy^b iji>3 nNsionn jin 
ibbn np>3Dom np'3nvjpbNn jin ovmb in>3i >Nin paT»on biy»n in v^pn in 
>bn>sp3ia non\ o>\y-wi oy nbn n>Aibuao mbvy» nN^onn .nioivyai niiivy o>a-m 
N>n bD b\y nNsuinvy *p ,Jimy» n>^p>baNb \yo\y»n nno oy aib>\yn 
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,ian mcrp np»3 maa ib\y Jiiby \ Jibyijin vmv >a>opoNi >3\jrrn po »n ipnn 
.-wnm un»>vt>n oiji inNb -mn>»b \ nob ,Tb\yi»n pun in niN-ib iJi>3\y -p >td -ry 
\ Jibyuin t>n> 05 .nation ov m> <iitnb Tbvno pbi -won innNb mmo ipnnn) 
>wdwin piNn byio n\yy»b ipnnn - pn JiN2i> nroa nina u>n \yi»>\y jiiwd 

.V^bnb 

: (fig. i dn-i) o>Nnn D->n>:nn jin bbm pjinn ; oiumn piN b\y N»>n pnb 



nsion b\y bn>»n 


.1 


->*i»n nono 


.2 


ONJIO 


.3 


. bipoi 


.4 


bipm Jin\yui 


.5 


(pcb) t>o*n» nib 


.6 


vo 


.7 


t»pn 


.8 


(CHIP ON BOARD) nn\!> 


.9 


vop. 


10 


Titbit? . 


11 
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nnon tin>ji 2.3.2 

,\yNT 2ND i» Jiibib* in ,o»3>v jiio>o Nmnb ; ision jin b>o» (i) -mon bvy bn->»n 

.nNbn pi ,Ninuto "jiitt in 

nbbion ,(9) rawi o->nj*)m vby ,(6) t?o*n»n bxvon nib jin bbm oonttn bayon bibno 
nibb Jionbion l JiiNn Jrmn JT>no vy» Nin (12) va»ri .(10) \>opni (12) yaon ,(il) 

DETAIL A : CPOnJO flM) bJllOQ DinO Y» (10) >p0pb .(6) OOTIDn b^Dn 

nib bN minoi ,nbbio Ji>nn cm ;uijon o> \y»\y» Nim ,(detail a front view - 1 
mpn opDoo (7) von .(8) t^nn nnvyiJin n\yi"> mn biboon bo .(6) t>o*n»n baynn 
noDm loipob (8) twnn jin t>»s»i op»» (3) DNJi»n .(10) vopb JinJio ,(8) o->pnn 
.(2) ncnm noipttb (5) biponn nnwui tin op»ni *p»3» (3) ONrwon p iod .(2) 
bAvon nib bN o>o>bio owra mmm (5) bipmn Jinvyui Tim opioa (4) bip»nn 

.(6) t?0T1»n 

Ipnnn Jibiyo piN b\y >»o hn>ji 2.3.3 

^opn Jin pnnwi ,(i) bn>»n pn *n» ><nbJ (7) von ,i»ip»b roi» (2) nt?o»n -ivj^nd 
m niao .(12) VAon pnb (10) >(>£)pn pn vao i>n po nNjJiiia .na>io 3i$m (10) 
(10) v^pn ,-ii4im \yio>\y TYi*b n^inn anaio (2) noonn iwnd .» off -a jjio» asm 
jn>jo bvy n^ .(12) v^on pab (10) ^opn vao 12*11 ini (7) von jin *)imb b^io» 

on -a >jid» aiJttD nuio bAvn 

pnnn Jibivo piN bvy >bn>spiio hn>ji 2.3.4 

pi»o Nin bmnn .Jii>n\yoNn JiiNP*i>An vmb\yb no>*ii cpvnm >bii>^paio *iin->ji pnb 

.>3inopbNn bxvon jiddijioi inv u piNn 

by p-n *fN vnnnb jimdijio -wn bioD n^ion ivia >byn onsiob Ji*rvi>on ntn>A .1 
ivi» vy> iiJiob\y Jinob) nii\yNi nn>Jio» njno pio f|ibn npy mioji <ipui 

2.3.4.1 <i>yo : (<pi3 n^ioji 
2.3.4.2 <)>vp :T>n> mion ivio >bva onitittb Jiivi>Dn ntrm .2 
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<lpui by yvinnb jroauio biaa naian iyio >bya oninob jiwon ntrva 3 
in ,rmvw nn^nao nino pt pna ?pnv in : o>ot>aaon n\yo inN ba apy naian 
2.3.4.3 <)>yt> : mnNn by a»*ra yapion ro - >bban naiann m** <pn\y 



raiwn nnmao vat <pbn by nyuiN 2.3.4.1 
oijio Troin naian iyio by pii 7N yniinb won pjinb ommo Nan iwnn 
Ipnnn noaon bvy raiwn nnman yano :Nan piNa *niy pnnn .ision Jinma 
'inn >»y b\yob Jiivyymb bia> mwNn nnma >inn .<pn\y pin jin aispb b^roio 
JinnN imao JinvaN .(12) yaob (10) vapn pa yao apy msuvy n>WNn bayo mnt? 
nnma yano bayo naD> m ano .niWNi nnma nnn -pwb riaa «jina ^ 0 N>n 
ysian yan uiinoi ,m>\y Nbb m asoa -in\s»i ,(ppan b\y pnonn w Jivavy) towni 
iu>n ,(12J yam (10) vap by otraon moh ib>Ni .nn\yN-i nnmao <ibn\y pin ji*p*to 
on nobnnn .nvnn nppan \ nbyanb pi vnv> ,->>non Jnnri nnma oy natm nJiai 
N>n ,om\y omo n\yn voJiwnbi manb in ,im*piian bob *rnN aJioa POJivynb 
Ji>bii>*piia m>nao bayon nany piN by oa y>avm n>by naivmnvy ,nnao nbN\y 

.ovr>ab -pi* y>N\y o>bNnmo o>Nvtm ibN -tn ,jmib 
pin pnavy in s jmnvaN mvy *o>it?o pi mipia nma noaon -ivmo nny 
Jim\yaN jmsNm naoo v» iNa .Nbvy in ,«pn naa (vy-nn bv>ob) \yio>\yb -mion 

: ipjinn panb 

: Nan piNa my pjinn '- »n nwii 
yao vy> rjy ba noiba - m-pat?b tyi noaon nn^a yano >w - naiann lyio y>an on 
Jivnb bia-> >ivnn .vyio>\y ta» Triton >ivn pap> ipnnn ,(12) y^ob (10) v^pn i>a 

.Jianano hdhn mu in ,b\yob poia >nba >)*nio ^^a^ 
IpJinn nN \yi»>\yn naian pt y>an ono ncaon nmna b\y iw» yana on ,nm noiyb 
.<lpina iiii)anvy iab n^pni>N Nin m»n ba ntyn noiba .nvn b>ya> Nb 
13\y> pb .miDa nbbioia in \ nbpno oa yiaib bia> vn>n mynvy Nin iNa ino>nn 
omaoa ,ia$ion bvy nm> mi jiw»n Jiimoao n\yN npnnn i^ajib maoia ni>>{N>T) 

Obnb 

„ : P"»^ T3"»y ipJinn - a nwii 

yao \y> *ny ba -»aiba - un>at?b iyi nraon Jin>na yano nN - naiajan Tyio y>an on 
3ii>nb bia-> >ivnn .vyio>\y taaa wwn >ivn pao> ipnnn ,(12) y^ob (10) \>apn va 
b\y 11J13 yana on ,r\m noiyb .Jianano hditn m» in ,b\yob poia mba vnw <iii$ai{ 
p\y *r>y»n ma - nvn b>ya> p ipnnn ,\yio>vyn naiaii pt y>an oio noaon nn>Jia 
in ,Jii>j\y noa n>o yovyion a>a b>bi» in , npn> mil b\yob - ™m vyoji wib nvyaN 
ON\y Ta .ipjinn *m>pji by oa i>yo Nin p\y awn Nin n\a >n>n .niiip n)>ai» ib>aN 
nbbion b\yob) taiy ii>n ipnnn\y yu nN ,y >ai> Nb >n>n oivyi ,nt?a»n Jin nnai 
a>a b>b^ miaa bvyob - ni>n y>av on obiN .mpo baa n^ion tin i>b\ynb \y>i (moai 
,nioNa ,jim noiybi .<ipina ni»i»n\y ub ynitt Ninvyi ,iaiy ipnnnw yi) ,3iin\y 10 ba 
Nb naa isionvy ynno ipnnnw iyo\yo - poia >nba n*nio >b>bi< ioa >n>n yai> on 

.ia>bvynb vy>i ipiro 

= piNa laiy ipnnn - 'a n>^N>m 
\y> Tiy ba noiba - un>aob iyi noaon nmna ya^o nN ,naiann Tyi» y>an Nb *ny ba 
bia> ni>nn .\yio>vy ^pin by -py»n >n>n pao> pjinn ,(12) yaob (10) vapn i>a yao 
.npbn npn> nna in ,m>w noa n>o a>a >b->b^ in ,m*p n3>aio ,No^nb ,nvnb 
wanvyon ,ioiba .ni>n oi\y pap> Nb ui\ya ipnnn ,naiann iyio yan on ,jin< Jioiyb 
n^pni>N Nin m>n niyn ,n nwm >ab .Ninvy m>n oi\y n>n' Nbi noaon jin nna> 
in mpi-mn\y nbbioo oa yiaib bia» nvn n*tynvy pioa .«^bn ipnnn <]puw *rab 
pi ,(a) n msNm ,pb .*|bn \yio>\yn ipinvy pa> \yonwon nia nnpoa oa .nbpno 
iona> Nb mioa nbbio in ipjina nbpji noiba ,full proof p (a) nonpn mm 
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in nbpji bw xnu mpm ,-i»iba .ision Jiabwnb NbN lapuw ixim \yi»wb 
bu> -pan mpo n>n> Nb obiN ono lapuw n^io nab ibvtnw pjp mim nbbw 
,o>ia ba by .vyiown Jiinwa ju>na» awn mn> im .ja lapuw jinob -isioa wow 
raiiajin tvioo thn nbbw »n TiiNb paw ision >a ,on>73 i>ra> ibNa onpovy pio 

.-i*i»n b\y 

yna o>b>» y>xw> pjinn : nan wn >n>nn navy 10 n>mi w mp> wo ntrva 
.»nan*b o»yia\y vwiu» w »<)pijia d>n ision" rbvyob .noaon Jin>Jia 

Nb ipuia o>-mo .onjiim mom ^o>odin vtnow : m ipJina vyiow bvy nNsuin 
NbN ,ojiin imb iawo> Nb - oa>bvynb \yw onsio - -po awni , Jiivoa iab\yi> 

•OJ11N ia>bV» 

: ipTinn Jibiya bvy >:nb - >bai>2pyia niN>jib non* >owiji nNi 

FIG. 2 : '3 IN 'N ra>2»OT) 
FIG. 3 t'JlWWm 



iis»n mNJio «jm <pbn by ny-uiN 2.3.4.2 

Ttnjio rrojn miaji iyio by pni in ynnnb won ipnnb on»Jio Nan iw>jin 
b^roio Nin byaoa -i*ion JimN yno naa : Nan piNa my ipjinn .mon -ns» 
na Jiyb Jiyo nt?aon jin rama pisn ,p-isb y>;»o mon -WNa .<prw p*n jin aispb 
: imi-WAN >jw pvy> jio>wo 10* n-npn nuia noaon -wNa ,ranv .moa vyojwnb 
vy> Ind .Nbvy in ,<pn naa (nw t?\y»b) -ns»n yno vyiowb uiion 10m pnavy in 

OpJinn yuajib Jiv-waN imsNm napo 

: Nan piNa my ipjinn - 'N nmNm 
vrvxtto *tyi noaon Jimiia yno nN - cus»n tinjio TTOJn) miajin mo y>an dn 
7«d -pmon »n>n pao> ipnnn ,(12) ywb (10) ^pn u» noibD - 
.namno noiiN mi) in ,bvy»i? poia >mio i^aii jn>n> ^xp >irnn vyio>\y 
pJinn >w \yi»wr> jijisj) p\ vnn o->o noD»n nn>na b\y iwii v^a on Jinivi? 
•Ipuin -iiJion\y -y£> n>2tpnj>N Nin >ivn bD -nyn noi^D ,>n>n ow b>va> h)j 
pb .rrma n^ioo in \ nbpno da y-nib t?iD> >n>n nvnvy Nin -jnd int7->nn 
oniaoD ,uiwn b\y nnv ran n»>»N mnwno nvyN ,iPJinn iddji^ jiidow jir^Nni 

, t : Nan piNa -raiv punn - a n>iJNm 

vad \y> *nv >d n»iba - unurt *rvi noaon Jin^Jia vno >w - nAiajin v>jn on 
ni>nb bia> >ipnn .wow m> i>nwn >Ti>n pao lpjinn ,(12) vao!? (10) >{>apn i>a 
bvy 11J13 vana on ,Jim Jioivb .nanano nonN mw in pvnb pt?ia ^nba >rnw «ii2»as 
pvy i>yon n^a - ->ivn b>va> p pjinn ,\yin>\yn Jiaiaji 10^ x>An ono noaon nn'Jia 
in , m>Dvy n»a n>to vovyinn a>a a>i»i{ in , npiv mi) bvyop - isim \y»nvynb n\yaN 
onw -ja -ipnnn 3ii)>p3i i>v oa 7^0 Nin p\y awn Nin n\a >rpn .map n3>M» i^aN 
nb!?ion ?M3b) laiv d>n ipnnnw via >w ,v>ai-> Nb >ivn owi ,noann jin nnai 
a»a a>p2f jnm t»vyo!? - >i^n i»ai> on d^in .mpo baa i^ion jin *piwnb \y>i (rn»M 
,n»Na ,nm Jittivbi .*|puia n^ionvy vb v>*no Ninvyi ,iaiv ipJinnw vu ,jii>w 10 ba 
Nb naa imonw vnJio ipjinnvy iv»\y» - ppia >Jiba >jtiw >b>bi» 10a >n>n v>ai> on 

.ia>b\ynb \y>i <ipuia 



7 



s Nan piNa *niy ipnnn - »j rimum 
\y> *ny bo -imba - urmtft tvi moon Jin>Jia yjn» >in f nji3Jin *ryi» y>An Nb ny b:> 
bo> >n>nn .\y»o>\y ipin by -py»n >u>n p«>o> ip*nn ,(12) y>»b (io) vapn vao 
.npbrr npn> mis in ,jmj\y n»D vp» a>i >b>b* in ,msp jwdo ,NmrTb ,m>nb 
warworn poibo .>ivn oivy p«w> Nb oiwa ipnnn ,mi£tfin *Tyio yan on ,jini noiyb 
Nin ->wn -nyn Npm ,n mjwm >ab .Ninvy >u>n ow mm Nbi nraon jin nnfl> 
nbbioo oayinib bo> >mn -nynv pioo .<pn -jinon ipinvy *pb rraprmN 
,pb .«pn unmvyn <jpwivy va> vyojivyon no mpm oa .nbpno in ropnnnv 
in ipnra nbpn noibo ,'»fool proof" p &) nonpn msNmn pi ,(:>) 11 msNm 
mpm p»ibo .lijinn JDbvvnb NbN lapinvy -lsion vinmvyb urm Nb mioj nbbi© 
mm Nb obiN ono ispuw isio nab *jbvyi>\y pm mwj nbbit? in nbpn bvy p-in 
mmoa jmnno mvyn ynm mi . ja lapwvy nnob i^im vyimvy bvy -pan mpo 
»n *niNb "pDur> -ision >o ,on>*n w ibND onpovy pio ,o>i3 bD by .vyimvyn 

.-won bvy miann lyioa thn nbbi© 

yni o>b>o y>ovy> pnnn :tdh Nm >ivnn nnv> 10 mnn im> mp> oy» ntn>:» 
.»non*b o^yiavy vwro» in '")pina ipn ision" rbvyob .noDjon nmn<> 

Nb <ipim onsio .omim niv?ni >bmu<»N vyimvy : ni ipJinn vjnmvy bvy nNinnn 
NbN ,djiin tn^b iD'\yo> Nb - co^bvynb vy vy onmo - *po aivyni ,Jiiyon iDb\yi> 

.ojiin iD>b\y> 

: ipunn Jibiyf) b\y >aib - >biPijp5if) iiN>nb no>n >»->\ynT) hnt 

FIG. 4 : a IN 'N n'W11 
FIG. 5 :OT1'i{Nm 

nn>Ji£) in^» in m^n tinjio pi iibn by nynuN 2.3.4.3 
oiji bv ynJinb jimdijio -iwn ,bi*)D njiDii tyia >byn onsiob Ji*Tyi>on npnn ">nn 
.o»3wn V3» otpion - niiion nmna lyioo n^ian oin by o^i ,-)i2»n *p"t^o hjidji 
niiDan jii>in yn» n*r>*T» dj - 71^122 pi mn» yitno >3nopbNn b»>on ,n non>» 
- n^inn b\y townt nmrii) oy nbvainn uat7ii mno o^i ,oi> 365 b\y b\y»b - byam 
^avo jii>ao >irr>i >"y bvyob m\yy>nb biD' rmvyNi nmJia >imi .oi> 30 b\y b\y»b 
n^>b N->n JnnN wnv nn\yaN .(12) yjob (io) ^apn pa yi» apy jn^wvy rmvyNn 
mivyNn nn>Jio yaiD bjyo ni xjid .djwnt nn>Ji£> >mn in^b 1103 »io 
n-rno yunJi vn ijiindi ,->n->\y Nbb ni n2»m -in\i»i ,(ppan bvy imoan do m>nvy) 
oy ,by<sm *ny nbnn iii<»n *p"»njio <pn\y pin 3tt>t») .n3ivi>N-i nmnao <ibnvy pin 
oy nJiai ivyN ,(12) y^oi (10) ^^p by oouon Minn ib>Ni ,dp3inn msm 
^nm vyonvynb on nobnnn .>ivnn npoan \ Jibyanb pi \y»vy> pijion jn>>oi Jin>iiD 
,ji>3do nbNvy N->n ,o>3ivy o^tixd >i\ya vyonvynbi T>-i£>nb in ,Jii>ijpiion bDb mN 
ibN *jn ,n>Aib n>b3i>itpDi£) n3'mb bavon nony pw by o> y>£>vyji n>by naivynnvy 
, pi n*npn niioi nt?Don "wnd .ooiab iniii v^vy ombNo o^mo o>Nvyu 

: o>3i>nonpn >avy t»t?n by >n>n y>si> ,(12) ya»b (io) v^pn pa yao isu noiba 
onh : >3vyn iv-»o>ipn .nw»n *i>nNno n^isn -ryio ynn ONn : iiwNnn pnonpn 
o>3i>ionpn wo tnN by raiwnn on .nn^nan tinho n^aji tyio ynn 
on .naioji by r>yon *io» Tny> "jpjinn >in - p N">n (on>3\y by in) ibNn (mbNvyn 
>-ryio ^vyo inN <jn on noibD ,Nb N>n ibNn JiibN\yn '3i\y» JinN bo by nawnn 
.<lpim linonvy *p by *r>y»n noo n>ny> ipnnn >in - y>^n Nb naiann 
.niN bD *ny>n - i^nb in hn in b>b^ wn^a nt>o ,2.3.4.2 <i>yoni 2.3.4.1 <i>yt?n iod 

: ipnnn Jin pDiib Jimp>y 3ii>^n>h 3 ,p on ,vr> 
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: Nan piNa to ipnnn - 'N rpswn 
yn» >w - ciw onn\y apy in) o>iwtf npn nvy» inN to apy njoann tvio y>an on 
Ipnnn ,(12) y«bb (10) ^apn yao \y> *ny to -ioito - wwrt *ryi noaon Jinma 
in ,i?vy»b poia >nto >mw iisa* imnb bia> wnn ivi ran >n>n pat» 

.Jianano novrN mil 

Ipnnn nN \yin>\yn mian y>n cno ntoon nmna b\y ymj yro on ,jin* noiyb 
.«1pim n>n»n\y *pb mspvmN Nin ni>n to -nyn -wito .>vpn ow b>ya> Nb 
p\p> pb .mio* ntoit?» in \ nbpno oj yiatf? ina> vmn *nyn\y Nin ind ynt»nn 
o-naoa ,-isnon b\y urn nan ito*»n mn>oa» iwn ,ipjinn T>»Jib mat™ imsum 

:prt? 

: Nan piNa *my ipjinn -anwni 
yr>a nN - em> onn\y apy in) o>iin\?Wpn n\yo *rnN to apy miajin tvid y>:»n on 
Ipnnn ,(12) y>»b (10) v*pn i>a vjo \y> *nv to noito - vrrort ivi noaon Jin^na 
in ,b\y»b pt?ia >nto n*nio ^isas nvrfr bia> npnn .vn»>\y m> -i>m»n ni>n pat» 

y>an o-io noDon Jin>na bvy ymj vm on ,jim Jioiyb .Jianano nonN 
bvyob - nsim \y»jwnb avaN p\y *py»n ma - nvn b>i>a> p pjinn ,\yi»>\yn Jrnaii 
no m>n .msp m>M» ib>aN in ,mn\y n»a n>» yowon a>a b>to in , npn> mi) 
m>n owi ,nto»n tin roiai onv *p ."tpnnn Jm>pn to oj *py» Nin pvy awn Nin 
toi -isi»n Jin Tbvynb v>n (him) ntoion bvyob) my u'n ipnnnvy y-n nN ,y>av n? 

,my "|pjinn\y y*n , Jim\y 10 to a>a b>to rnisa b\y»a - m>n y>av on obiN .mpo 
yynvo iod >n>n jnav on ,*iiond ,s)xx jijoivto .«ipina -un»nvy isb vmo Ninvyi 
.iD^wni? \y>i ipim Nb nno niJionvy vnjio ipnnnvy - poio >nto 

: Nan p^ tniv ipnnn - o n^Nm 
v» tiv !?d -ioi^d - w>i* ivi noaon iin>Ji£) vano nN ,miajin ivio y>an Nb to 
>d> >n>nn .\yio>\y <)pin to *py»n nvn pat?> ipJinn ,(12) yyeb (io) >(>£)pn pa y»n 
.jipbn npn-> mu w ,mn\y n»D n->o 3>3 ^>bij in ,msp n3->MO ,N»anb ,ni>nb 
on>3\y npv in) o>3inonpn n\yo *rnN npv n^iann ivio vnn on ,jin\ jioiv^ 
n">n"> Nin npoon jin nna* \yon\y»n ,-mito .nvn oivy pao> Nb oivt>f» pnnn ,(in"> 
.^n ipnnn ^p-mvy ito n^pnj>N Nin >n>n YTvn ,n rpanom >f3b .Nin\y nrn ow 
n\D mpm 03 .nbpno in nipnnnw ntoiro o^ biD> nvn iivnvy piod 
in O) nmipn n>^Nnm pi ,(» n n^Nm ,pb .^n vyiKPvyn <)piJi\y \y»nvy»n 
iDpinvy -ision \yio>\yb io-i^ Nb mim ntoio in ipjini nbpn noito ,»fool proof' 
-pw>v pn> mwj ntoio in nbpjj snn mpm ,-imto .n^ion nabvynb n^n ,m 
"lapinvy nnob n^im vyio>vy t>\y -yisn mp» n>n> Nb obiN ono lapinw nitio nab 
w ibND onp»\y pio ,on«) to to .\yio>vyn Jim>m jw^nno awn inn> .aa 
.ninon bvy n^asin ivioo t»in ntoit? »n Tiwb paui> n^ion >d ,on>t3 

o->b>» v*o\y> ipnnn : mn>T Nin >n>nn mv> no n^nii nnv mp> ovo nt?i^ 
."nanitb o»vnw nin)" in "<ipim w>n i24ion» :bvy»b .ntonn nmjia 

Nb ipiJia oniJio .onsion moai >bo>v?aiN vj>in>\y :n^ puna \yw>vy b\y nNKiJin 
NbN ,ojiin -ynitb ia>v>»> Nb - oa>!?\ynb w o>ii»io - p» ai\ym ,mvoa iabvyv 

.ojjiN ia>l3\y> 

: ipnnn ubiva b\y >iib - >byp:ip)ia iiN>Jib> n»>*n *o>vy-in nNT 

fig. 6 s »a in 'N nwm 
hg.7 lomsncni 
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niaibnb nwrnn 2.3.5 
•Ipnnn b\y JinnN niNtr™ n> by o> n>:nb rpbypspna nN*in nniN jin pwib 

>jdo tron by ,o>ji\y o>»oo ,onnN o>:m» ponb pico .ijioa \y»\y» (10) >papn 
\ nn>Ji<> : nbiyan tin nni>v mvybo nnN yw*n by bwob in ,b»jn nmro 100 
b\y nr»N >it> bo in \ nina :n*»n tin vaib'nb in jyvxo 

\y»Jivs>nb on ynp>\y Nin bayon Jrany piN ,2.3.4.3 - 1 2.3.4.1 o^>yoa moinw >dd 
')\yb nnan n>nji on .ano r»y <ppinb in ,(fig. i) Jivniaon naim i»d ,-rnN wim 
pn in \yo\y> >j\yni >ji»i niJia moon >no mnanb *rnNn >in ,o>ino 
nnwN-i bavo Jimo nnNb .rowNn nn>Jiao i»i ju>3p -pisb - nnwn nmjia >mnb 

.\yi»>\y bD >3wn jnob nw Nb 
pm Jin^p nb>nn tin b>ya> o> anon win >in ,o^r»o >j\yb nnan n>nn Nb on 
\ mna aso >mnb vy»\i» Nin ,nJi\yNm uibyan oy ,nnvyNn nn>Jia» 

.nuian asm rp\yyj -im>n ,onoon mayn rvisb ,*mt> 
wio oy oapjip pn m>*» b>yb nmnn ,>bN>r»vio v>jy Nin an» b\y -inNO 
Y>aib>nb in ,"p\yN-ib non >jwn anon in piNn jmnb bia> o>«io »\y oy oi\y» .thn 

.njiw nno bya 

on o>at?u o>a>a-n ,pcb n oivn pi nawn b\y >»>ja mao - bayon nany on>a 03 
Nb pbi poibnb >bN>imo m bD ,(o>bap in ovtm ikd) nanon aavyb Yino T~»* 

."jnd vniao 

13i>i bipm oipoa .piezzo bipon noanb .(4) bipon Nm b"in mam >ii>nn >y*»N 
b>bs jmnb bia> >ivnn >y*ON noiba .micro bulb in led nmvrb .mum \y»n\ynb 

.miNJi in ,(nan ,ni>»o ,a>a) 

pin piaa yas Jiu\yb pauiovy wa pjin Nmnb ,nbaji» mina \y»nv>nb oa in>i 
b\y ino'nn .oiiNb ain^o iyajj nN 101 pna nnNbvy wyn^ iio>t7 bvyob .nmn 
noivyn *f\yiovy >a>opN ipnn Nb mi -ioibD .^->pnd Ninvy *idd Nin mo >bNii>i yrwwa 
i>by bDnt?nb vy'vy >3>ond ipnn NbN ,1100 obynnb nvypi ,nooon nn^na y^itt nb 

.boro Nin no nyib no non> misa 

o>nb3nunTi> 2.3.6 

- inpo jiin pi" nnvyNnn nn>n£>nvy fD nn\yn tin Ji»nb iji>3 ,o*np nnomvy >od 
Nbi n3WNin nmnaa pni in y^m ni o>ioo >n>nvy nnNO .<i^nn a>3 ^b>bit 3 bvyob 
nmonw piitb n>iJp>*o>ND oj nin ->i^nn jin b>»Jb puion b\y nat?ii nn>na <^Nn 
mnN pno3 rn^pa in^n jin -yionb in>3 pbi ,bya»n imnN y;n» nnai Nb 
nb^yj in ,iivyNi vym>vt>a ma\yin p>oob<) nyao oy nb>yi iod oi>d o^iam o>x>t»no 

.nPDon byo inan <iipvy pb^ oy 
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\yio>\y >t>3in Tbnob nmn 2.3.7 
a n>wi >ob ,mi\yNi nn>rt3» im <ii!?n ^ rw-mn ov pjin 2.3.7.1 

.N 

T">NJi ov ,jrmi2n tiiohn o»3>v nbpnt? o»r>y tiisw i«oni : 2004 ocuiNn 1 
.pinprin Tinman urnn Tin \yi»>\yi> n>nTin ovi ,200s -nosi vmn:i \yi»>vyb ynnN 



3 .wio>vy *pijfc> Jiwon tin rowwm oy<n nna 'N vy»nvy» : 2004 ooiaiNi 2 
y»\yj ,-isim \y»Ti\y» >n \yoji\yo\y .nnwa nn>Jif) nnon cmmo <ya 
i»ipx£> nooon tin )m» »n \y»n\yo n\yho .ni>3\y 10 b nnN - noD»n yiioo an 



vyonwn!? nsm ,manrtn inNn Jiia>on tin jinsio a nwon\y» : 2004 ot?i:*iN3 10 
mNO .ncDon tin JinTiia N>n .nnvyNii? inTisi >ti»i ivo-ii >ti» nv*n> nr>N N>n .inn 

3>n y»\yj .ninmn <)iitD2 vovyio tf? vh» ,n»\yN-i nn>Ti2tt oi> 30 nay o-iovy 
wi .<iP"»Ta nsionvy ny*m a Ti\ynn\y» .«jtni £pa w« y»vo ni>3vy 10 !?d .-isp 
.o^b^n o^pjiTivyo uoipo^ ntonn tin njnao a nvynTivyo -wnd .ijjim Tivy»Ti\yo 

.7 

ond Tm u>n Nin .o»yy Tiio>o3 vyi»>\y!? aivy pipi »n woTi\y» -.2004 otnxiNa 22 
.TDtb -pi* Nb Nin .*ipiTa it>n -na -ision ONn nnvyNT nn>Ti<>» \y*nn «pn 
\yoji\yo .^tro a>n vow m>i\y 10 to .-isp a>a y»vw .nt?a»n tin rona Nin 
nto»n tin xnax* »n vi>»Tivy» ->\yNa /wron \y»nvy» Nin .<ipiT»a isittnvy y*n> 'N 

.o>y>b*n o^pooi i»ip»b 

.n 

dnh nan ii>n Nin .o»y>y mspoa vyio^\yb aivy pipi >n wojwo : 2004 nnoouon 7 
.naib xn* Nt? Nin -ip-iTo u>n naa ision ONn i»ii?a niivwNT nn>Ti<»o \ynn <|bn 
o>3-i3a3 4 !?vy aspa o>f)ii{T cpn-oa nvnTiN >£)i^i* o>vow .noDXsn tin rons Nin 
vyDTivo it>n Nin .«)piTn Nb n^ionvy y>nTion b-bx imw vn> »n \y»n\y» .n>jw 
.o>£>i^>{n o^pnnvyo ittipob npD»n tin anao 'n \y»Ti\y» *i\yND .ision 

.1 

tin JiNiiio N^n .o»i>y jiid>d3 vyio>\y^ m\y npipi a Tivyonvyo : 2004 -inoo£)t?n 20 
ynN3 ninon tin -»>Nvyn n^>£) *pjifi ,'n \yon\y»\y -oTiott) Jiiflnnn inNn lition 
nvniiN ->zv&x o>vo\yi .noDOn tin TinTiiD a Ti\yfcn\y» .(navyN^ ijiin T^^nb 01pm 
vnnDn mxw tivti> a Ti\y»Ti\yo .n>i\ya o>ai^«)i{ 4 b\y aijpn o>di^i cnma 
nPD»n tin nA'ino a T»\yon\yD iwnd .-imm nvy»ji\ytt nr»N N>n .<ipiTin Nt? niti»nvy 
.navyNb nation tin no^\y» a Ti\y»Tiv>D .o>£)ii{£)ijn o>pnTivy» loipob 
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a rraNm >«fc ,-ra» -ry 10 » <jibn bv nNiJin ov ipnn 2.3.7.2 

.N 

\jrnra \yio>\yb ynnN tin* ov ,u>n-i nio t» jnbto oy t?D>o vo-o : 2004 oouin 

.2005 

\y»Ji\yo\y p» .\yio>\y rrab ba>o Jin nnvtfon oyari roia »n \yoJiwo •. 2004 -uooat? 
'N vojwo -wno .jmj\y 10 b jion - ntoon 11100 a>n b>b* vo\m ,rai»:i \W3Ji\yo 'n 

.o^^n o>pos3 wipob ntoon jin anno 

.a 

a>a yo\yj .nt?a»n jin jiroiia N>n .ra-»o:i yyoJiwnb ran a Jivyoiwo : 2005 >oo 
-ipim raionw Jivm 0 jivmdjiwo .<it?D a>n b>bs yo\yj Jivjvy 10 bD .rap 
.o>!?>bsn o>pJiJi\y» i»ip»b nooon jin ronao a Jiv>»Jivy» -ivyNo .raioa jwojiwo 

.1 

*raas o>vo\w .dodod jin rmia Nin .rai»:i vyonvynb ran >n wojiwo : 2006 iKrns 
b>bs mw y*m 'N woJivyo .n>3\yn ovnsa* 4 b\y rapa o>a"m o>hua nyiJiN 
Jin prao 'N \yoJi\yo ivkno .raion vy»Jivy» ij>n Nin .<ip"»jn Nb raionvy vnnon 

.traraasn o^pjuivyo ioipob noaon 

.1 

ynNn raion jin jinsio N>n .raioa \yi»>vt>b mu> npip* a jwojiwo : 2006 imopw 
ijiin T^vyra 01pm win n>N\yn ,\yaj -m>a *pJi» ,'N vy»n\y»\y ranoo) JiianJin 
*ua nbint?m b>Nin ,b>bs ci\y yo\yj Nb .noaan jin Jirmia a Ji\y»Ji\yo .(navyNb 
Nbi ")\y> raion - nNinn «raan y>io i3>i ba -nvnw jivtp a Jivyojwo .n*nr» 

.na\yNb ijiin na>bvyo N'n .vtno>\y:? rjNi 



o rraNm >ab ,nn>Jia *nnoo w *ra» tvioo im iibn by riNuin ov pJin 2.3.7.3 

.N 

,2005 oo-mN wnra vno>\yb ynnN T"»^ ,<in jiiu^o wdid : 2004 op^iba 

.nn^Jiflo v>*nn rmm T>-wm 

.a 

nn^non ov .vnony iTiitb ^d>o jin rmwon ovan nna »n \yonvyo : 2004 naooao 
.Jii^vy 10 -]M>nb rnijp dpjjo nvowio ,po -inNb .a>n >^>bi« 3 o>vo\yio nnwon 
jrnDi - ntjoon Jin -)xiv 'N vyojiwo ivnd ,\yio>\yn own .npn^ mo Jipbii 

.a 

Jivnvyio nn>Jian ov .\yi»>vy ^^1i<^7 bD>on jin nnia 'N \yon\yo p» nr»N> o>o> 5 
wojivyo i\yND ,\yio>\yn ouia .npn> mi3 Jipbu . 10 -\vti> m^p m>:oo 

.mim Jio33 - noDon jin ixm »n 

.t 

^n\« nnNo .riPDon jin j^njna N>n .raiorx \yoJiwnb n^n a JivyoJivyo : 2005 ^no 
>n»n *)*Tvn .mi) bo Jipb*r3 Nbi oi\y vo^j Nb ,n3WNn nmJiao \ynno nni> 
.ninon tin no>b\yo a jwojiwo .1^03 v>wvyn *)pwi aavy -job "jo^p nip invybD 
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nnson n»nn <ip>n irmn .3 

.1 

t> \y>\y mN isno w yno in nan* b\y in vino in ppa in ntom ipjnan ipnn 
,rb^v oy t?£>*n» nb>o»n rwnupbN jioivo Wron ,mi£>Ji two 
2nn» in \ i bip in b>b3 btnnoi ,o>3iiopbNVynopbN inyi o>»»y>»« o>»i»uji» 
jwdd roivo pafrhb in jpkpd jidivo yfli>>r& in ,inv£o mN >bNn>i >n>n IN UN 
'ab Ji>byp3pJi£> Ji>*nv» nbiva bva |p Jin tn> oiman , jiidivo noo bvy nib>\y in 
i*i»b dnjiio ^»>2tpyid nao t»n nih ii> isiob oNiiion n»>i* o>vnn 
rmi»»\y mnN rfriya jbq in ision dtod sirrou) nyavy *p ,un>n Nin t> unxrofti 
N»\y in <)pvu piy isnon onh \y»Jivy»b n>spvw>N \n*» ipnnn ,isswa wkpw 
V« pis «p!?n npv in nsmn o>it?» im pis <pbn npy isun uncum «|pwi 
nxion b\y ibN o*m>»b >3\y bw mb>\y apy in i:n»n bv> mivyNi nrvno tvioo o>ipo 
jihn mwn :nm ipnnn «ftnnn nation *nv bo\y >»y Jimi ,o»3vyn pno oipinn - 
vaib'rfr in o»"mn hod b\y 3ib>\y in >bNtt>i in >l?ip w ->ivn 3T»>nb nbD>v> 
rtnD>\y JnriN mm Jim j«»> ipnnn ipiiu wn mD ision iwnoi ,bbo >n>n ny>n 
Vsnbrfc in o>nwi tvoo xfrw in ftww in >bip in >wn b\y ipn aio rmrb 

yxs m*r\ nv>n 

.2 

on *wn ow yra Nbi vupwi *nno «pn on pi >-n>n prow l nv>nm oiisko ipnn 

.vn»>\yn iyi» <ibn Nb 

.3 

wii ,isioa vnD'wn *tvi» *prw i>y»n o>it?o nwi Won l ro»nm vniaoD ipnn 

.12(1133 vyiKPVJT) *tvi» qbn Nb on ir»N 

.4 

pia <]bn on iron vyio>vyn ivi» <)!?n >d iui» uvy iwn i warn onaoo ipnn 

.11il»n IVIOO ,\£>N1» n>io - o>ipo 

.5 

im pi£) <i!?n on ii»oa ivio ^bn 'd ii>i» ia\y iwn l nsnuo oiisod ipnn 

.pi2»n '"v n3iv ni nn'ii£) *onoo ,vnid ii^id - o->ipo 

.6 

pt pia i^n on litton vyio>\yn ivi» «|bn >d *rnvo tw» iwn l nvusn oiidod ipjin 
.cmawn vn» oipion - 5 nv>nm\y inp>vn >ab in 4 rewmw >flt» 

.7 

,i2Jim \yio>vyn ivixj <i^n oiovy 73 by -pyovy >n>nn xx iwn , 3 nv>ajia oiidod ipnn 
vovypvy >n>m priori 5v> nmnci nn>3ia ov VK»vi>\y >ivn •. o^ivn 'Aio nDim 

.iit"i»n b\y jidpw nn>na bD ov 

.8 

apv ^o\yn bxvo iwa\y nwi bvaio paoo Ninw >ivnn iwn i nvann onaoo ipun 
.liJion ntoD m>w npv >i»»\ynn bjy»n nJiojw nv\yi poim ,i2tion noDO Jin^na 

.9 

ipy >b»\yn b»>» iapjv nvm byaio pawo Nm\y 'ivnn iwn i warn \?ii£>»d ipnn 
•o>it7» pis inNb ^ooiv?in piNa po£>3i ,i2»inn nco» Jinw 
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.10 

11*32 in yx-i b>b* Nin mian ipui >v ib\y >n>nn -iwn l nynro vniam ipnn 

.o>it?» nspayoipo 

.11 

miNJi in rannno mi) Nin roian *)pin by ib\y >u>nn "wn l nv>ara vma»:> ipnn 

.OllN bWOb ,0>10» f n9un 

.12 

nmrr *mw >bip mb>\y Nin mian «ipwi by ibvy >n>nn ivh i romm cniana pJin 

.inn n 1 10 Jiiynna vniaon 

.13 

miss Nin \yio>\yn iyi» <jbn o-iv>v> *p by ib\y >ivnn -wn 3 nynnn onam ipnn 
,b>bsb b>b3 o>o>it>o pi >pna b\y npoan oy b\y in -prp an b>bs 
10 bvy nppan *ny ,an >b>b* 2 ny ,smw 10 b\y npt?an ,o>ai2n an >bn* 2 nmrrb 

.HNtJH pi ,J11>3W 
.14 

mil Nin vno'vyn tvio «ibn oiovy id by ib\y >ivnn -iu>n 3 nynnn omana ipnn 

.piT bvyob ,o>io» ynsa ,naiin miNn in yjarvmo 

.15 

mb>\y Nin vv&yim *tvi» <)bn onovy id by ib\y >vpnn iwn 1 nynro ona»:> ipjin 

.inn 14 1 13 Jiiynm vniaon Jimn nNin nip 

.16 

jnisn Nin \yi»>vyn lyio «jbn o*iv?\y id by ib\t> >n>nn "ivw 3 nynm uiidod ipjin 

.JlQ>ltfD ni'MO 
.17 

jnisa Nin nsion b\y nnwNi nmna by ib\t> >u>nn ivn 7 nynm vnia»:> ipnn 

.5iQ>it>o ni>«» 

.18 

o>it?» <i*t Nin *i3i»n b\y nnwNn nn>na by ib\y >n>nn ivn 7 nynnn o-iiaoa ipnn 

.omm an n>b* 9 b\y»b ,an nns b\y 

.19 

jiu'Aio y>ovy» pnnn 13 1 nynjia u-iiaoa ipjin 

.20 

an nns y>ovyo ipnnn in 1 nynjn vniam ipJin 

.21 

("ran) bip y>o\yo ipnnn id 1 nynm miaoa ipnn 

.22 

anano in yinp tin x>xn ipiinn m 1 nynm mia»:> ipJin 
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23 

onoira www vy r»n\y» >bNii>i nwi pjinn in 1 m»mu \ni3Ko pnn 

.0»0>D 1N\1 O'bDTlO 
.24 

jmsion jromnsNno ijiv in o»jw bbio ib\y >u>nn\y 1 nv^njo o->i3»d pun 
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